Introduction
Cleft lip and palate (CLP) is the most common congenital facial deformity affecting the functions of the stomatognathic system and disrupting dentofacial aesthetics 1 . The pathogenesis of these congenital malformations is multifactorial and remains largely unknown, although it may involve genetic and environmental factors 2 . Many studies on cleft lip and palate subjects have focused on facial growth patterns [3] [4] [5] . It is known that abnormal jaw growth can result in severe malocclusion, which in turn may affect the functioning of the maxillofacial muscles 6 . The most common occlusal disorders in patients with clefts are crossbites and class III malocclusions 7 . Malocclusions, particularly of the transverse type where disrupted symmetry of the dental arches can be clinically observed, are a potential cause of functional disorders of the stomatognathic organ 8 . There has been a great deal of discussion in the literature regarding the influence of craniofacial morphology on masticatory muscle function in a healthy population [9] [10] [11] [12] . Only a few studies have been conducted on masticatory muscle activity in cleft lip and palate subjects 6, 13, 14 . Patients with repaired CLP may exhibit deficiencies in the masticatory system because of anterior and posterior crossbite 15 . Since functional disorders in cleft subjects increase during growth and development, early identification and orthodontic treatment of malocclusions are necessary to achieve good occlusion and functional improvement, particularly in children 13 .
To the authors' knowledge, information on masticatory muscle function in the youngest children with CLP is very limited 14, 16 . For that reason, it is essential to determine temporal and masseter muscle function in cleft lip and palate children by means of electromyography (EMG) and also to take into account certain factors associated with this activity. Electromyography is one of the few diagnostic tools that enable reliable, objective, and documentable evaluations of muscle activity and efficiency by detecting their electrical potentials. The EMG method is painless and innocuous, and these are important factors when conducting studies involving children 17 . Electromyographic studies of upper lip muscle function have previously been completed on cleft lip and palate subjects 18, 19 . The aim of this study was to determine whether the electrical activity of the temporal and masseter muscles in children surgically treated for unilateral complete cleft lip and palate differs from that observed in noncleft individuals. Another objective was to identify the possible factors associated with this activity.
Material and Methods

Ethical approval
The study had been previously approved by the Local Bioethics Committee of the Medical University and assigned number KB-0012/08/ 15. All the children's parents were informed of the examination procedures and gave their consent to all the procedures performed.
Participants
This study comprised a sample of 82 children with mixed dentition and Class I occlusions. They were divided into two groups. The cleft group consisted of 25 children (9 girls and 16 boys) aged between 6.4 and 12.7 (mean: 9.3 AE 1.4) with unilateral complete cleft lip and palate. The subjects were selected from a total of 85 patients who had been referred to three Cleft Care Centres in Poland between November and December 2015. All had undergone lip and palate surgery at one of four different Plastic Surgery Clinics in Poland according to the following protocols: A. a two-stage lip and palate repair procedure, i.e., a lip operation at the age of 3-6 months, followed by palate closure (hard and soft palate in one step) at the age of~12 months; B. single-stage lip and palate repair in children at the age of about 6 months, that is the lip, and hard and soft palates were closed in a single operation. The exclusion criteria included the presence of bilateral CLP, a cleft associated with a syndrome, a sequence, or karyotype abnormalities, a cleft associated with Class II and Class III malocclusions, the presence of dental caries, and general muscle disorders, such as temporomandibular dysfunction, bruxism and a history of neuromuscular disease or disease affecting neuromuscular performance. Bruxism was diagnosed on the basis of a clinical examination of tooth wear (the presence of shiny flat areas of the teeth that do not match the natural occlusal form of the teeth) and the reports of parents/caregivers regarding tooth clenching/grinding. The control group comprised 57 children (34 girls and 23 boys) aged between 6.6 and 11.7 years (mean: 8.9 AE 1.5) with no cleft lip and palate. They were selected from patients who had been referred to the Orthodontic Clinic in Szczecin, Poland between November and December 2015. All had normal functional occlusion (Class I occlusions without crowding, with a good relationship between the upper and the lower dental arches) and normal lip seal. None of the children were under orthodontic treatment. Any healthy subjects not meeting these criteria were excluded. The exclusion criteria also included the presence of dental caries and general disorders affecting the muscles.
Clinical examination
Anamnestic interviews were conducted, which covered the patients' general medical history and provided detailed information on the patients' masticatory motor systems. An assessment was also made of masticatory motor system function, and this included a clinical examination and electromyographic procedures. The patients' facial features were analysed based on specific anthropometric landmarks. The type of lip seal for each subject was evaluated by means of a visual examination. The intraoral examination included an analysis of dental arch shape on 258 L. Szyszka-Sommerfeld et al.
three planes together with a reciprocal analysis of both dental arches. The results of the clinical examination, including the studied occlusal parameters, are shown in Table 1 .
Electromyographic examination
The EMG recordings were made with a DABBluetooth Instrument (Zebris Medical GmbH). During these recordings, each patient sat in a comfortable chair without a head support and was instructed to assume a natural head position 20 . The children were asked to make themselves comfortable, relax their arms by their sides, look straight ahead, keep their eyes open, and make no head or body movements during the examination. This position allows us to eliminate or limit unintentional movements from other parts of the body. Disposable, self-adhesive silver/silver chloride (Ag/ AgCl) bipolar surface electrodes (Noraxon Dual Electrode, Noraxon U.S.A. Inc., Scottsdale, AZ, USA) were placed at a fixed inter-electrode distance of 20 mm on the anterior temporal muscles and on the superficial masseter muscles on both the left and the right sides parallel to the muscular fibres. The positioning of the electrodes was exactly the same as previously described by Ferrario et al.
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: the temporal anterior muscle -vertically along the anterior margin of the muscle; the masseter muscle -parallel to the muscular fibres with the upper pole of the electrode located at the intersection between the tragus-labial commissura and the exocanthion-gonion lines. A reference electrode was placed in an inferior and posterior position to the right ear.
Skin impedance was reduced by cleaning the skin with 70% ethyl alcohol and drying it with disposable cotton wool prior to the placement of the electrodes. Slight reddening of the skin after cleaning is a clinical indicator that the site has been properly prepared. To confirm that the tested area had been correctly prepared, an impedance test was performed with a Metex P-10 measuring device (Metex Instruments Corporation, Seocho-gu Seoul, Korea), which has an accuracy level of 2%. Further examinations would be conducted if the test produced a positive result (low skin tissue impedance).
The EMG recordings were taken 5 min later. The electrical activity of the temporal and masseter muscles was measured by means of electromyography during the course of three tests: (1) rest activity of the masticatory muscles in the clinical rest position; (2) maximum voluntary clench (MVC) in the intercuspal position where the patient was asked to clench as hard as possible for 5 s; and (3) maximum voluntary clench (MVC) with two 10-mm-thick cotton rolls placed on the mandibular second premolars and molars, or on the mandibular second milk molars and the first permanent molars, during which the patient was asked to clench as hard as possible for 5 s. The rest period of at least 5 min was allowed between each of these recordings. The movements were repeated at least three times to ascertain stability 22 . The first movement patterns were eliminated, as they were frequently observed to be dissimilar to the other two repetitions. In a single subject, The activity of the muscles in children with cleft 259 all the EMG data were arithmetic means of these last two surface EMG recordings. The patients were allowed to relax for 1 min between each activity. The EMG signals were amplified, digitized, and digitally filtered. The DAB-Bluetooth Instrument was interfaced with a computer, which presented the data graphically and recorded it for further quantitative and qualitative analyses. The basic component of the data analysis was normalization. This procedure was necessary for the preliminary processing of raw data to ensure intercomparisons and further analysis. The clenching test with two cotton rolls positioned on the mandibular second premolars and molars or on the mandibular second milk molars, and the first permanent molars was performed for data normalization purposes. Normalization involved referring the raw results (the mean values of the EMG potentials) to the data obtained from each patient after clenching on two cotton rolls (reference values) so to remove most of the biological and technical noise 23 . Thus, data normalization was performed according to the following formula: mean values (lV) during rest position or MVC/mean values (lV) during MVC with two 10-mm cotton rolls 9 100%. For each muscle, the EMG potentials were expressed as a percentage of the MVC value using cotton rolls (unit lV/lV%). This kind of standardization is necessary to eliminate any variability resulting from skin and electrode impedance, electrode positioning, and relative muscular hypo-or hypertrophy.
Repeatability of the recording procedure
The repeatability of the recording protocol was assessed on the basis of duplicate EMG examinations performed on 20 subjects by the same operator, with an interval of 15 min between the two recordings. The subjects were asked to remain relaxed during this 15-min interval once the electrodes had been removed from their muscles and to walk around the laboratory if they needed to. The repeatability of the measurements was shown as the results of the first and second sets of tests.
To maintain the repeatability of the electrode positioning, the standard positioning procedure was employed. The criteria for electrode positioning were strictly followed to ensure consistent positioning of all the examined children. By placing the electrodes accurately in the muscle belly contraction area, the standard results and repeatability of the electrode positioning during the EMG recordings were assured.
Statistical analysis
For the purposes of statistical analysis, homogeneity of variance was evaluated using the Levene test while normality was assessed with the Kolmogorov-Smirnov test. The EMG results were analysed using the Student's t-test and Mann-Whitney U-test. The level of significance was set at P = 0.05. The cut-off values for the continuous variables for the cleft group in relation to the control group were determined by means of receiver operating characteristic (ROC) curve analysis. The results were described by the area under the curve (AUC), the P-value, and the ROC coordinate curves, i.e., sensitivity and specificity. The relationships between temporal muscle EMG activity and independent variables were identified through multivariate logistic regression analysis. The results were reported using the odds ratio (OR), a 95% confidence interval (CI), and the P-value.
Results
Repeatability of the recording protocol
The recording protocol repeatability results are shown in Table 2 . The differences between the first and second evaluations of the electrical potentials of the masticatory muscles were not statistically significant in the case of any of the above activities (P > 0.05). Table 3 presents the mean group values for the EMG activity of the temporal and masseter muscles at rest and during maximum voluntary clench (MVC) in the intercuspal position for both groups. Patients with clefts showed a significant increase in temporal muscle activity at rest position compared with healthy noncleft subjects (P < 0.05). The rest activity of the masseter muscles was similar in both children with clefts and in children in the control group (P > 0.05).
EMG results
Intergroup differences in the MVC activity of the temporal and masseter muscles were not statistically significant (P > 0.05).
Differences in masticatory muscle activity at rest position and MVC between boys and girls were not statistically significant for either group (P > 0.05).
Multivariate logistic regression analysis
ROC curve analysis showed that the greatest diagnostic efficacy in electromyography was achieved by such estimators of the distribution of variables as temporal muscle activity at rest position (AUC = 0.685, P = 0.008, standard error of mean [SEM] = 0.066, sensitivity = 52.1%, specificity = 88%, and cut-off point = 7.65 lV/lV%). Multivariate logistic regression analysis (Table 4) demonstrated that the presence of a cleft lip and palate and the presence of a unilateral posterior crossbite were all factors associated with increased temporal muscle EMG activity (≥7.65 lV/ lV%) during rest position.
Discussion
The study comprised individuals with Class I occlusions, thereby ensuring homogeneity of the sample and reducing the number of interfering factors. We compared the electrical potentials of the masticatory muscles in children with unilateral cleft lip and palate who had been operated on for CLP with those of noncleft children. We analysed muscle activity with respect to two functions: in the mandibular rest position and during maximum isometric contraction. According to the EMG analysis, cleft lip and palate patients have altered temporal muscle function characterized by increased activity in the rest position. n, number of patients; SD, standard deviation; MVC, maximum voluntary contraction. *P-value for differences in masticatory muscle activity between females and males in the cleft group. †P-value for differences in masticatory muscle activity between females and males in the control group. ‡P-value for differences in masticatory muscle activity between the cleft and control groups; and §Statistically significant difference.
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Surface electrodes were used in this examination. They are noninvasive and better tolerated by patients. This is particularly important in studies involving children. The repetition of the main procedure confirmed the repeatability of electrode positioning and the entire protocol. We did not study the repeatability of the recording protocol with regard to the positioning of subjects in the 'natural head position'. We did employ, however, a method that is considered to be one of the most repeatable techniques available, especially for adults. The data on children are not so clear.
In our study, the rest activity of the temporal muscles was significantly higher than normal in CLP patients, which may have disturbed the harmony of the masticatory organ. Riise 24 found that temporal muscle activity at rest was greater when occlusal interferences existed. In the long term, hyperactivity may be followed by structural adaptations, such as tooth movement, muscular reactions, and remodelling of the temporomandibular joint, or it could lead to pathologic changes in the stomatognathic system 11, 24, 25 . Li et al. 26 observed that the patients with unilateral CLP and crossbite had more rest position space and a steeper mandibular plane, which increased stimuli to the elevator muscles of the jaw and increased temporal and masseter muscle activity so as to maintain the mandibular posture balance.
No significant differences were observed between cleft and noncleft children in terms of the rest EMG activity of the masseter muscles, suggesting that the occlusal alterations investigated here have no predictable effect on the activity pattern of this muscle. This observation could be explained by the fact that the occlusal interferences generate the altered innervation of the temporal muscle, whereas the masseter muscle remains unaffected 27 . This accords with earlier studies in which it was reported that the masseter muscle is not sensitive to either bilateral tooth contact patterns or mandibular shifts 28, 29 . During MVC, masticatory muscle activity was lower in the cleft group in relation to the control group, although no statistically significant differences between the groups were observed. According to Helkimo 30 , masticatory muscles activity during maximum effort depends on such occlusal factors as the number of posterior occlusal contacts. A higher number of posterior contacts ensure stable intercuspal support, which in turn allows the elevator muscles to achieve higher levels of muscular activity during clenching and chewing. The decreased occlusal contact in patients with clefts and posterior crossbites may have reduced stimulation from the periodontal receptors, thereby resulting in less muscle activity. Moreover, to avoid occlusal alteration, the protective reflex of the masticatory system may also reduce the electrical potentials of these muscles 6, 11, 27 . The data obtained in this study could be compared with the findings of Li et al. 6 , who evaluated masticatory muscle function in patients with unilateral cleft lip and palate and anterior crossbite. The cleft group included 29 individuals with CLP ranging in age from 11 to 21 years. All cleft subjects had anterior crossbites, and almost, 90% had posterior crossbites. The control group consisted of 28 volunteers with no cleft abnormalities and normal occlusion. They found that compared to noncleft controls patients with unilateral clefts had higher activation levels of temporal muscles in the rest position. In contrast to our findings, they observed altered masseter muscle function at rest and significantly lower activity recorded during maximum clenching in the intercuspid position in the cleft group.
An analysis of masticatory muscle function in patients with cleft lip and palate was also the subject of a study conducted by da Costa et al.
14 They analysed EMG masticatory muscle activity during rest, isometry, and mastication in 33 children with complete CLP and 33 noncleft subjects ranging in age from 6 to 12 years. They observed significantly higher EMG activation levels for the temporal and masseter muscles in CLP children at rest and during inactive period of mastication. During active period of mastication, they noted that in patients with clefts electromyographic activity was significantly lower in the left masseter muscle and temporal muscles and in every muscle during isometry in the cleft group. They also found that the muscles of CLP children remained active for a longer period of time than the group of children without clefts. Moreover, the length of the masticatory cycle was higher in cleft subjects, which might be a consequence of malocclusion, resulting in difficulty in chewing.
In our report, we identified certain factors associated with temporal muscle activity at rest in children who had been operated on for unilateral cleft lip and palate. A number of variables were taken into consideration, such as gender, the presence of a cleft, vertical overlap, overjet, and the presence of transversal and vertical malocclusions. In the rest position, we observed a strong relationship between increased temporal muscle EMG potentials and such factors as the presence of a cleft and the presence of a unilateral posterior crossbite. These observations suggest that an association exists between transversal malocclusion and temporal muscle activity in cleft patients.
The impact of transversal malocclusions on the electrical potentials of the masticatory muscles in young healthy subjects is well known. Ferrario et al. 9 took EMG recordings of masticatory muscles in 10 patients aged 16-18 years with unilateral posterior crossbites as well as in a control group of 20 subjects with no malocclusions. The findings of the study showed the decisive influence of crossbite on the electrical activity of the temporal and masseter muscles, which is reflected in disturbances in their coordination. The functional changes were more apparent when the side with the altered transversal relationships was directly involved. Kecik et al.
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evaluated the treatment changes of functional posterior crossbite in mixed dentition. They showed that anterior temporal and masseter muscle activity at rest differed significantly between the crossbite and normocclusive groups and that muscle activity was higher on the crossbite side. They observed that early orthodontic treatment of malocclusions creates the optimum conditions for normal growth of the craniofacial skeleton and normal function of the stomatognathic system. In summary, we can conclude that children with unilateral cleft lip and palate have abnormal temporal muscle function. Our study revealed that in the case of malocclusions, such as unilateral posterior crossbites, temporal muscle activity in cleft subjects is affected. Hence, it is important to ensure a proper diagnosis and orthodontic treatment of malocclusions so as to achieve good occlusion and favourable functional results in these patients. We ought to be aware, however, of
The activity of the muscles in children with cleft 263 the study's limitations, such as the small number of subjects involved, meaning that it can only be considered a pilot study in this field. In addition, the groups studied cover a comparatively wide age range. Hence some differences between patients may result from variations in neuromuscular system development. In this context, a further study would be necessary to confirm the study results. We are currently investigating these topics further.
Why this paper is important to paediatric dentists • Children with CLP are often treated by paediatric dentists and knowledge of masticatory muscle function, and the factors associated with this activity are therefore important.
• Paediatric dentists should be aware of the special treatment needs of children with CLP, and take into account the need for early diagnosis and orthodontic treatment of malocclusions so as to achieve good occlusion and functional improvement in these patients.
